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Multiple treatment options for the management of zosterassociated pain (ZAP) are available. Conventional analgesic drugs, antiviral drugs and tricyclic antidepressants are widely used, but they are associated with significant adverse events, especially in the elderly. 8 In many countries, corticosteroids and local anesthetics are widely applied during the neural blockade administration; however, this treatment has a weak evidence base for preventing PHN. 9 A randomized, double-blind, placebo-controlled trial showed that the use of HZ vaccine decreased morbidity from herpes zoster and PHN among older adults; however, the cost implications are high. 10 Pulsed radiofrequency treatment (PRF) is also being used for conditions with refractory neuropathic pain such as trigeminal neuralgia, chronic cervical and lumbosacral pain. [11] [12] [13] [14] Nevertheless, the efficacy of PRF for the reduction of intractable pain is still controversial 15 and PHN often remains intractable to existing treatments despite the many therapeutic options available. 16 Ozone is a trivalent form of oxygen and it has been shown to have an effect on both chronic viral infections and circulatory disorders. 17 One application method of ozone is percutaneous injection. In some previous studies, it has been indicated that percutaneous ozone injection can be an effective treatment for neuropathic symptoms without causing tissue damage within a certain concentration range (below 70 µg/mL). 18 And this method is also one of several minimally invasive therapies that have been used for the treatment of chronic neuropathic pain such as herniated discs and trigeminal neuralgia 11, 19, 20 ; although, the exact mechanism underlying ozone-induced analgesia is not well understood yet. At concentrations around 30 µg/mL, ozone not only could enhance oxygenation and reduce inflammation at the disease site due to the oxidizing effect on pain-producing mediators, but also lead to increased local oxygen supply and reduced nerve root ischemia and edema. [19] [20] [21] We have a hypothesis that ozone therapy gradually decrease inflammation through decreasing concentrations of various pro-inflammatory cytokines and protect the nerve damage from further aggravation through the bidirectional regulation of inflammation. 22 The DRGs lie at the entrance to the spinal cord receiving input from peripheral nerve terminals (PNS); they are important in the production of neurotransmitters involved in nociceptive signaling. 23 Through appropriate treatment to inhibit the abnormal electrical activity to the spinal cord via the DRGs in HZ, they can decrease the incidence of hyperalgesia and allodynia by reducing central sensitization (characterized by reductions in threshold and increases in the responsiveness of dorsal horn neurons). 24 Therefore, the DRGs are priority target for treatment of ZAP. 12, 24 However, the use of percutaneous ozone injections in ZAP has not yet been investigated.
In this article, we retrospectively evaluated the clinical effects of percutaneous ozone injection around cervical DRG in patients with HZ and patients with PHN. Therapeutic effectiveness and follow-up information was collected, and overall improvement in pain was observed up to the 3-month follow-up. In addition, we designed the study to analyze any influence of age, gender, pain duration, the number of treatments, hypertension history and diabetes mellitus history on pain relief after the ozone treatment.
Patients and methods study design
This research was a retrospective study. Permission to conduct this study was obtained from the Institutional Review Board of the Aviation General Hospital of China Medical University (approval number HK2017-1130). And the approval included a waiver of informed consent, because this study did not include direct contact with the study population. This retrospective analysis did not include patients' identifiers.
Patients
From June 2016 to July 2017, patients who underwent ozone injections around the cervical DRG due to ZAP at our pain center were included. Patients were excluded from the study if they fulfilled at least one of the following exclusion criteria: age less than 18 or older than 80 years; infection at the site of puncture; cardiac or pulmonary dysfunction; hyperthyroidism; previous radiofrequency treatment; history of mental disorders and drug abuse; lost to follow-up before 3 months after percutaneous ozone injection. The flow diagram of therapeutic process is shown in Figure 1 .
Procedural technique
During the treatment, heart rate, blood pressure and pulse oxygenation of patients were recorded. The ultrasoundguided technique and all injection procedures were carried out by a physician experienced in pain management. We determined the injured nerve level according to the skin lesion area and nerve segments of the pain. All patients underwent percutaneous ozone injection around the cervical DRG using ultrasound guidance as previously described. 25 With patients lying in the lateral position, an ultrasound device (Vivid-i; GE Healthcare Bio-Sciences Corp., Piscataway, NJ, USA) was used to perform the ultrasound examinations. 
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Ozone injection to treat zoster-associated pain sterile sheath was positioned transversely to the lateral aspect of the neck, so we could obtain a transverse axial view. Anatomically, the anterior tubercles of C7 are rudimentary and the posterior tubercles of the C7 are prominent, which are different from other cervical levels. The C6 level is visualized by sliding the transducer cranially. Determining the other cervical level by confirming the location of C7 is a convenient positioning method. Once the target cervical level is identified, the skin was disinfected and anesthetized with the injection of 1% lidocaine. Following this, a 22-gauge needle was inserted under ultrasound guidance at the foraminal opening between the anterior and posterior tubercles, which is most proximate to the DRG (Figure 2 ). After the needle tip was placed at the target point, the O 2 -O 3 (3 mL) mixture was injected by an assistant at a concentration of 30 µg/mL, which was generated by an ozone therapy device (Ozomed ® basic; Kastner-Praxisbedarf-GmbH, Rastatt, Germany).
Ideally, the mixture should spread around the nerve root. The physicians who performed the procedure must determine the most appropriate pathway for needle insertion, in order to avoid important adjacent structures.
All patients were observed for 30 minutes after this procedure. During this time, we observed whether serious adverse reactions occurred such as: dizziness, nausea and vomiting, respiratory depression, low blood oxygen and blood pressure fluctuation.
Data collection
The following clinical characteristics of the patients were collected and analyzed from the medical records: age; gender; targeted DRG level; pain severity and duration; localization of the rash; tactile sensory; history of underlying diseases and follow-up records. The severity of burning pain and lancinating pain was evaluated with the use of a 10 cm visual analog scale (VAS), patients were shown a horizontal line (0 cm represented no pain and 10 cm the worst imaginable pain), a difference of at least of 3 cm of VAS score was considered clinically significant. 26 Tactile sensation was evaluated through the use of a series of calibrated von Frey hairs (Stoelting Co., Wood Dale, IL, USA). This measurement was applied perpendicular to the affected skin area and was repeated several times. When the patients responded to the stimulus, the corresponding von Frey date was recorded. This test was performed before the first treatment and after the last treatment. Follow-up examinations were performed at 1 month and 3 months following the end of the treatment by physicians who were unaware of the patients' treatment assignments. The severity of pain was evaluated before the first treatment, after the final treatment, at 1 month later, and then 3 months after the end of treatment.
Outcome measures
Thirty patients with ZAP at our pain center were treated with percutaneous ozone injection around the cervical DRG under ultrasound guidance. All patients who underwent ozone therapy were divided into two groups: one group included patients who underwent ozone therapy within 3 months after ZAP onset (Group A), while the second group included patients who underwent ozone therapy more than 3 months after onset of ZAP (Group B).
We assessed the analgesic efficacy of ozone therapy by VAS. A tactile sensory test, performed before the first treatment and immediately after the final treatment, was used as an evaluation of sensation. Clinically meaningful pain intensity is considered to be the presence of a VAS ≥ 3, [26] [27] [28] so we used pain intensity of VAS <3 as a measure of success in relieving ZAP.
statistical analysis
All data were analyzed using SPSS version 23.0 (IBM Corporation, Armonk, NY, USA). Numerical variables are presented as mean ± SD, such as age, disease duration and VAS. The Student's t-test was used to compare the outcomes between the two groups for numerical variables, whereas the chi-squared test or Fisher's exact test was used for categorical variables (gender, treatment location and history of underlying disease). Repeated measures analysis of variance was used to assess changes in pain intensity over time. We combined all patients from both of the groups for the logistic regression. By using univariate and multivariate regression, the factors associated with successful responses 3 months after ozone injection were analyzed. The most relevant factors associated with successful responses were included in the univariate logistic regression analysis. The inclusion of variables in the final multivariate logistic regression analysis to evaluate independent factors associated with successful responses was based on clinical importance, and statistical considerations. P-values of <0.05 were considered statistically significant.
Results
Initially, a total of 38 patients with ZAP who underwent percutaneous ozone injection around the cervical dorsal root ganglion were examined. Two patients provided a history of mental disorder and 6 patients were lost to follow-up 3 months after the ozone injection. As a result, a complete review of 30 patients' medical records were available at 3 months following the percutaneous ozone injection, there were 16 patients in group A and 14 patients in group B. The patients' general characteristics and pain intensity data details are summarized in Table 1 .
The two groups were not significantly different in terms of age, gender, treatment location, and the underlying disease. The duration of illness in group A and group B were 1.312±0.479 and 16.143±14.496 months respectively, which represented a significant difference between the two groups (P<0.001). The pretreatment VAS of group A and group B were 7.437±1.459 and 6.571±1.283, respectively which were not significantly different ( Table 2) .
The VAS of both groups decreased significantly over time following treatment but did not demonstrate significance between groups until the 3 month evaluation. At that 3 month post-procedure evaluation, the VAS of group A was significantly lower than that of group B (P <0.05) (Figure 3) .
We assessed the pain degree at 3 months follow-up, the pain intensity of VAS <3 was used as a measure of success in relieving ZAP, and VAS ≥ 3 was considered poor pain relief. A total of 9 patients in group A (9/16, 56.3%) had excellent pain relief after the therapy (VAS <3), while 7 patients (7/16, 43.7%) showed poor improvement following ozone injection (VAS ≥ 3). Among these 7 patients, 1 patient demonstrated no change in pain degree (1/16, 6.2%); 5 patients (5/16, 31.2%) achieved satisfactory effect during and after the ozone injection, but still achieved poor pain relief (VAS ≥ 3). One patient (1/16, 6.2%) who initially achieved satisfactory analgesia during the ozone injection, noted a return of pain after the end of the ozone injection; however, this did not exceed the pretreatment level.
In the group B, at the 3 months follow-up, 2 patients (2/14, 14.3%) had satisfactory pain improvement (VAS <3); 
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Ozone injection to treat zoster-associated pain however, in the remaining 12 cases (12/14, 85.7%) satisfactory analgesia was unsuccessful (VAS ≥ 3). Three (3/14, 21.4%) of these12 patients noted no pain relief compared to their pretreatment level. Seven patients (7/14, 50.0%) did not reach a curative effect even though they got some initial pain relief (VAS ≥ 3). Two patients in group B (2/14, 14.3%), noticed that their pain returned but remained lower than their initial level (Figure 4) . The von Frey measurements of both groups improved following treatment; however, this did not demonstrate a significant difference. Before the procedures, the von Frey of groups A and B were 0.077±0.247 and 1.404±2.625 g/mm 2 , respectively; which were not significantly different ( Figure 5 ). Immediately following the treatments, we reassessed the tactile detection in all patients. In group A, the von Frey was 0.008±0.000 g/mm², and in group B, the von Frey was 0.247±0.358 g/mm 2 . The posttreatment von Frey measurement of group B was significantly higher compared to group A (P <0.05). 
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Ozone injection to treat zoster-associated pain and with or without hypertension (HTN Tables 3 and 4 . Adverse event: In only 1 case was there a minor treatment problem. The patient underwent ozone injection around C4 DRG and experienced dizziness and an abrupt hemodynamic deterioration. This deterioration was exemplified as a drop in blood pressure (BP) from 120/82 to 84/60 mmHg and a decrease in his heart rate (HR) from 67 to 52 bpm. The patient was immediately returned to the supine position, intravenous access was quickly established and about 3 minutes later, the HR and BP of the patient recovered to initial levels and the dizziness disappeared.
Discussion
This retrospective study of patients with ZAP receiving percutaneous ozone injection around cervical DRGs suggests that this could provide long-term pain relief for this difficult to treat condition. Following treatment, the VAS of both groups significantly decreased over time (P<0.05). However, great pain reduction was achieved in the group A compared with the group B at all time points after ozone injection. Our study showed that an independent factor associated with successful responses to ozone injection was history of DM.
The DRG is an essential location for nociceptive signaling and suggests it is an essential site of generation of pain in HZ. This makes the DRG a priority target for intervention in managing ZAP. 29 Although group B showed a significant decrease in VAS after the procedures, the success rate was much lower than group A. Some researches indicated that Figure 5 changes in von Frey. Notes: evolution of tactile detections: before the procedure, the von Frey data of group A and group B have no significant difference. After the ozone treatment, no significant changes have been found in both groups, but the von Frey of group B was higher than group A and there was a significant difference. *P<0.05 compared with group A. Group A, pain duration <3 months; Group B, pain duration ≥3 months. Group A, pain duration <3 months; Group B, pain duration ≥3 months. 1, 3 and the abnormal electrical activity to the spinal cord can lead to neuropathic processes and central sensitization with the development of disease, 17 which could explain the superior clinical outcomes in group A in this study. Moreover, a natural healing process of acute HZ might be another reason for the better clinical outcomes of the group A in our research. 12 After the statistics and analysis, we found that most of patients in this study achieved pain relief after treatment with ozone the results suggest that ozone injection procedure around cervical DRGs might be an effective therapy. However, a total of 30 ZAP patients were included in this analysis, the sample size was relative small, and this was one of our limitations. After infection with VZV, the virus becomes latent in sensory ganglion, 2 once the dormant VZV is reactivated, newly synthesized viral particles are transported in both peripheral and central directions, resulting in neuropathic pain and sensory disturbance as result of intercellular disruption. 1 There is an increase of chemical mediators from the injured tissue, including cytokines, substance P, histamine, etc. 3, 11 These changes also increase the ectopic discharge rate of C-fiber nociceptors. Repetitive discharge of C-fibers can lead to a prolonged response of neurons in the DRG, that may contribute to chronic pain states or PHN. 30, 31 We believe that appropriate and timely analgesic treatment decreases the incidence of hyperalgesia and allodynia by reducing central sensitization, and it is important for the prognosis.
Ozone therapy has been used to treat several diseases such as herniated discs, trigeminal neuralgia and refractory headache. 11, [19] [20] [21] An anti-inflammatory action induced by ozone has been reported and ozone notably increases the release of neutralizing pro-inflammatory cytokines such as interleukin IL-2, IL-8, IL-15, interferon-α and tumor necrosis factor-α. 32, 33 Steroids are also used to treat the ZAP patients; however, it may not only increase the risk of infection but also, is not an ideal option for the diabetic patient. It has been considered that chronic pain is mainly related to chronic inflammation, 22 and the analgesia of ozone might be correlated to the anti-inflammation properties. 11 Other probable mechanisms of ozone-induced pain relief could be activating the descending antinociceptive system and increasing the release of endorphins. 22 The efficacy of standard treatments combined with the unique capacity of ozone therapy to reactivate the innate antioxidant system is the key to correcting the oxidative stress typical of chronic inflammatory diseases. 18, 22 Within the safe concentration range (below 70 µg/mL), ozone can be an efficient oxidative stress regulator: stimulating the antioxidant system of the cell and helping to normalize the redox balance altered by several pathological conditions such as, viral infection, aging or inflammatory-immune injuries. 18 In addition, ozone can enhance oxygen delivery to ischemic tissues secondary to erythrocyte manipulation, as well as the local release of nitric oxide and carbon monoxide by the endothelium. Thus, ozone could induce vasodilation in ischemic areas and secondarily reduce hypoxia. 20, 34 Before ozone injection, the tactile discrimination at the lesion skin area of the ZAP patients became abnormal, especially in group B. Von Frey data following the ozone injection treatments, showed that both groups have an improvement in tactile discrimination, although there was no significant difference between groups before and after the treatments. We concluded that this treatment strategy has a protective effect on the recovery of the tactile sensitivity and it can be a safe and reliable method to relieve the pain intensity for ZAP patients. In future studies, it will be necessary to adopt more evaluation methods to analyze the effect of ozone injection therapy; these will include skin temperature and pain threshold of the lesion areas providing more objective evidence.
Additionally, in order to explore why differences exist in response to treatment within groups, we combined all the patients from both groups and designed the study to analyze any influence of age, gender, pain duration, the number of treatments, HTN history and DM history on the pain relief after the ozone treatment. As a result, we concluded that a history of DM independently predicts a clinically successful outcome and thus had a significant effect on the results. In a previous study, it was shown that patients with DM are at higher risk of HZ. 35, 36 DM as a chronic disease, can cause tissue damage throughout the body but especially in the nervous system. Neural changes such as axonal loss and sensory nerve fiber dysfunction, nerve demyelination, increased nerve water content and decreased nerve conduction velocity might lead to the development of diabetic peripheral neuropathy and have an influence on the ameliorative effect of ozone. [37] [38] [39] 
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In our study, we acquired anatomical images of cervical DRG through the ultrasound. In the future, ultrasound guidance would be the preferred method of guiding the needle tip to the proximity of the DRG. It would provide a real-time image and observation of gas diffusion process. An ultrasound device is portable, low cost and eliminates the exposure to X-ray radiation compared with the CT-guided methods.
Regarding the possible reason of the adverse event, one hypothesis is that, owing to the location of C4 DRG is nearer to the carotid sinus, the diffused O 2 -O 3 mixture and the probe positioned might stimulate the carotid sinus and stimulate the vagus nerve, causing fluctuation of heart-rate and blood pressure. Hence, we suggest that pretreatment with a vagolytic should be considered prior to ozone therapy at the C4 level: especially in the elderly and patients with cardiovascular diseases.
Limitations
First, this study was a relatively small sample size and considered a short duration of action. Second, this was a retrospective study based on the analysis of medical records, additional prospective studies are necessary. Third, we need to supplement the measurement of antiinflammatory action induced by ozone during the treatment in the future. Forth, in further research, we can set a control group, and more objective assessment methods should be used to evaluate the reliability and security of this treatment.
Conclusion
Ozone injection around cervical DRG might be an effective and safe, minimally invasive strategy for the treatment of ZAP condition.
